VIL EN GINEERS. 


This Society is not as a body, for the facts and opinions 


in any of its publications. 


tse are of about equal ‘utility. All require tables, and, with these in| 
hand, can be readily staked out. W When, however, we are confronted 
with the ta task of designing and detailing for the shop, tt track- work such y 
turnouts and crossings , new problems a arise. The1 multiple: compound 
curve requires a maze of of complicated computation when applied 
this class of work (in which loci are absolutely necessary). The eu cubic 
appeals | to the writer as the. sim plest curve which will fulfill 
_ the conditions of a transition. on. ‘But, it has been u urged by some that | 


— the cubic parabola i is 8 not a true transition curve, nor can it be readily 


Let us see, then, if we can more nearly epproximate these p prerequi- 


in a curve of ‘similar character. 


In the cubic the the dev eviation from exact: val es: 


4 
ise g = ‘ 
vid 3 4 
 _ 
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or ordinary rallroa urposes, the transition cur 
te, 4 
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LEE ON “TRANSITION CURY 


Now, if we reverse the we can say 


ae 
=. 


whence, by integrating* twice, we have y = 
is more nearly the equation of a ‘true curve, fot 
om fulfills the condition of a transition curve, and in 
which is the radius of the’circular curve to be eased, s, the total 


length « of the e transition curve) is now ‘exact, an and the substitution of q 


ds for dx involves less error than the substitution of d 2° for ford ds. 
Moreover, since it 2 expressed i - terms of the length of the cur curve, it jaa 
a is better adapted to ) staking out with a transit. _ Before the deflection | 


4 angles cs can be readily obtained, «must be determined, This cannot be 


- found exactly i in a finite number of terms, but, bya slight approxima- 


tion, a very convenient and practical form ula can be dev eloped. — 


th triangles of small angle between hypothenuse and base we me 
express excess of the former over the latter as follows: 
Let e = excess; ;p = perpendicular; = hypothenuse; and b =base. 


Then e = (nearly), for h? — =P, but = h — e, whence 


—Qhe+ = p'and e =. 


. 
very small, we have e = 


and «= s — 


7 may be obtained on the slide ru le t 


wr 


— = 
a 
| dropping — ¢, as relatively = 
| Call > total excess of s over x, thatis,«=s—t 
—— 
— 


‘the total angle A 
oint with the initial tangent is found as follows: a oe 


For those who would still ‘prefer the equation y= 


=§ 6Rz, 
may be e rectified by the following 


the he has offered, the weiter 


— those in designing layouts of track- 

e use 0 e equation y = 


with which intersections may be by i it. For example, 


= Pose we have two transition curves leaving a @ common tangent and ; 


ting, as in Fig. 


ON TRANSITION CURVES. 
part of afoot. Any value of « being now at hand we may determine 
any deflection angle B by MTL ] 
f | _ This curve has the further advantage that, after we have fixed the = . 
J -s -—- gonstant R s,, we can find any r (by dividing the constant by s) with 
“i greater degree of accuracy than in the ordinary cubic parabola. _ 
— 
™ 
— 


q 
q 
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To ‘simplify formulas let us 


after finding «,, 4; and Yo we may find the total a sili for <7 


tak 


“4 curve, by tan. A= , and their sum is the angle of intersection. 


the constant quantity in the 
iii, 


ANSI TION CURVY ES. 


7 Gzorce D. een, M. Am. Soe. C. E. (by letter). —This paper is a Mr. Snyder. 
valuable addition to the mathematics of transition curves,and the 
- formulas given are of great practical utility, particularly in street rail- 7 


way work. is unfortunate that, notwithstanding the uniform prac: 
tice which exists in this ‘country in regard to staking out railw 


curves, such a wide diversity should exist in the use or non-use of 
- transition curves. In apie of the various articles which have appeared 
in in the technical press, and the discussions by engineering societies, no 
gener 1 use o » of transition curves, or general uniformity of practice, has 


S All agree as to the benefits to be _e from the use of such 
curves, and many valuable methods of staking them out have been 
* published, but, for some reason or other, the practical 1 men who are 
called on to introduce them seem o fight shy of them asa needless 


; differ put little, and give results that are practically uniform, ‘within = 
The formulas are generally sin simple, and the 


for use in the field has been tabulated for convenience, and the fact 
that these tables are more or less complicated, and limited in scope, 

may have di deterred some from using them. _ As the necessary calcula- 

tions are not complicated, ‘it would seem the use of tables is 

unnecessary. The author refers to the | use of the slide rule for 

such es and the writer is of the opinion that, if the use > of 


ated. In most methods the 1 necessary = 


would ‘result, as with its ‘aid all. the calculations necessary a 
7 transition curve can be m made in a few minutes, thus making a 
; a8 The author’s formulas are well adapted for use on the slide rule. 
a can be applied toa veaengpin of deflections or offsets, the offset 


reason that the field field ‘notes and p of the ¢ curve 
ae but little changed from the methods in use for ordinary curves; also, - 
for the reason that the transition curve need not be staked out in detail 
- during the preliminary stages of the work, but merely provided for by 
He naptege’ the circular curve, toward its center from the tangents, leav- 
ing the staking of the transition curve until ready for the laying oa 


’ eG On railroad work, using the offset method, the information required 
for any given degree of curve is, the | length of transition curve, the 
a otiaet from the — to the main curve when prolonged to a » parallel | 
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ON TRANSITION CU 
Mr. tangent at the and the intermediate offsets to various points on 


* e F or this purpose the author’s formula becomes: 


— which Y = the offset to the main curve ot the P. C. -_ 
“50 p 
‘By putting =R, 
an 


n which D? i is degree | of curve, we ” 


in 


_ transition curve bisects the offset Y at the ., and is bisected 
by the offset line at this point. will be found most convenient 
- = practice to divide the half length of the transition curve into a num- 

7 ber of equal parts, and calculate on the slide rule the offsets for a corre- 
: 2 sponding number of points. Points can then be set on half the 


_ transition curve by offsets from the tangent, and on the remaining» od 
half | by offsets from the circular using the same offsets in in- 

If the deflection method is nostenvel, the deflections, being as the 
square of the distance, can likewise be obtained readily on the slide 


rule. The preceding methods and formulas can be ae with equal a 


old lines, as well as on 

‘The writer used similar methods on the introduction of ene 

eurves on more than 100 miles of existing railway, and, while the 
‘methods used were not mathematically exact, no errors sufficient to be 

a ‘appreciable manifested themselves in the field work. a In this work, an 

_ ve stone monuments were set to mark the beginning, end and middle 

points of each transition curve, points: being set about 

25 ft. apart and marked by oak stakes. 4 
“The cost of this work may be of interest. ‘The most expensive 

work, naturally, was where there was the most curv ature, which was 

on a section about 20 miles ang. 47% being curved, the average de- a) 


= 


— 
a 
4 
= 
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; _ DISCUSSION oN TRANSITION CU RV ES. 
gree. of curve being 5° 00’ and the amount of c1 curv ature being 125° 
per mile. The cost per mile was as follows: >». 


Adjusting and marking ce1 center. line.. 17 
Labor, planting and distetbating monuments. 
27 


1 For this sum per mile a _— can put the easing of its curv a 
on a more scientific basis than the ‘‘ crow-bar” and ‘‘ rule-of-thumb” 
— of the track foreman , and at the same time obtain — a 
Some roads are large sums for the of curva- 
‘ture, and many others only refrain from doing so for lack of funds. — 
The latter may find the introduction of transition curves a profitable — 
‘investment, pending the time when they can afford | to eliminate their 
a C. A. Sunpsrrom, M. Am. Soc. C. E. (by letter).—Transition curves Mr. Mr.Sundstrom. 


are of great importance to the railroad engineer, and are gradually 


coming into more general use. These curves ‘are also of great 
importance to the traveling public. For, if a railroad is prov ided 
tri insition curves, there can be no ahock and incon- 


urve. “But, although the cubic parabola is the only curve that fully 
of a transition curve, the is more common]; 


experience w ith and “nearly” years ago 
a ked up tables which will enable the engineer to stake out a transi- 2 


tion curve, derived from the cubic parabola, just as easily as a circular 


Before showi ing the use of the it will be n necessary review 


some of the theories Ww hich they are based. 


curve, 


> 
- which Ri is the radius of the center curve, and / the length of the 
parabolic are, 
This being the equation of t the curve obtained 1 when a cantilever | 
beam bends under the action of a load suspended at the free end, the 


cubic parabola is also called the elastic curve, 
The ong of the — are dapends upon the eleva ation of the 


4 
4 
q 
4 
of railroad engineers imagine that it is impossible to stake out a cubic 
= 
ie, 


The el elevation, h, of. the outer rail depends the gouge y 
G, the em v, ‘and the radius of curvature R. 


Assuming a ft. in n feet, ‘the length of the par 
are will be 


- By differentiating the equation of the cu 


iy 


< which i is the natural tangent of the om which the tangent to 
point of the: — 


triangle AB 6, in 
in which A on Bi is the para- 


ten. d= = 


The defection for the mire of osculation is obtained from 


tan. d =- 


¥ Ny The tables have been calculated in conformity with the following 


a conditions: r That the grade o of the outer rail rises haa in 300 ft. ; the 


The tables ar are best illustrated by an example. 


Let A Band A C (Fig. 3) be two tangents, at the 
angle of intersection PA B= 120°. Given, a 6° curve, to determine 


. 


— 
Mr.Sundstr 
— 

— 
any 
"The deflections are ob-_ 
distance coly ond entively 

4 
— 

a 
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= According to Table No. 1 the tengential sail for a 6° curve is 4° 
This is the angle K F E. As the angle SI1F=PAB—2 
F E), it is evident that, when the angle P A B=2(KF E), the 

angle SJ Fis equal to 0. In that case the points Nand Ecoincide, 


dt curve e consists of two elastic hes only. When 2 2 


angle. 


OAD+DC 
DOA+DC 


R} being the radius of the center curve; s s the corresponding shift, 
D H; I the intersection angle, and / the length of the parabolic are, = 


= a 


— 
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indstrom. 
7 
— 
4 
| 
In this example, however, the intersection angle is 120°, and 
2(K F E) =9° 82'. Hence the given intersection angle satisfiesthe 
find the point of a 
(R + 8) tan + ‘ - 
— 


piscvsston on TRANSITION CURVE 


We have, therefore, 
a. The values of land s are taken from Table No. 1 1 for a 6° curve. ae 
After the distances A Cand A B have been "measured, set the 
transit at Cand sight on A, the vernier being set at zero. If stakes» 
are to be set every 25 ft., the first deflection must be for that distance —_ 
According Table No. 3, deflection pod 25 ft i is 3’, for 50 10’, 
The | 
length o of the elastic for a 6 curve, to Table No. 
a is 159.4 ft., which makes the last deflection 1° 36’. We have now 
_ reached the point of osculation. Set the transit over the point of oscu- 
lation, E, and lay off the tangent, F EG; the tangential angle, G F A, 
being 4° 46". The last operation i is best accomplished in the follow- 


The angle FEC = GFA—ECK=4° 46' _ 10 36' = 3° 10’. 
The angle C G, being the supplement of the angle C, is equal 
_ to 176° 50’ -_ After the transit: has been placed over the point J E, set 
7 “the ve vernier at 176° 50’, take a sight at C, and turn the instrument 
to zero. We have now obtained the new tangent, and are ready to 
- lay out the main curve. at Before this can be done, however, the inter- 
section angle, GIR, must be found. | From what precedes, this angle 
is equal to P A  - 2(KFE E) = 1200 — 9° 32' = 110° 28', and we 
‘stake out a 6° curve for this angle in the usual ‘manner. After 
_ point WV is reached, move the instrument to B, and unoceel in the 
manner with the elastic approach B N. 
an When the intersection angle is small, that is to say, a trifle more 
twice the. tangential angle, the main curve ean be shifted a: and 
(& provided with elastic approaches by simply furnishing the point of | 
--eurve, the point of tangent, the points of osculation and the external 
secant. The co-ordinates for t the point of osculation are obtained 
fromTableNo 
“64 Questions have ar isen concerning thea accuracy of the assumption 


that the cag of the parabolic are is a to the abscissa of its 


4 
a 


ence. 4 In order i ascertain the exact pai of this difference, a 
a formula for the rectification of a cubic parabolic are will be derived: : 


> 
-Mr.Sundst 
— 
4 
| 
: 
4 
| 3 
equation of the cubic parabola is 
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agi? 


As Cis very large i in 1 comparison with a, the third term in the series 
can be. discarded, and 


xamining the — of a parabolic are for an itiietien of 100 ft. a 

L = 100 + 0.011 = 100 ft. 04 


‘For an abscissa of 150 ft. the arc is equal to 150 ft. 1 in. er. 
For an abscissa of 186 ft., the largest one in the tables, the he are will 
/ or an abscissa of 200 ft., the are is equal t to 200 ft. 44 ins. ‘ 

‘These figures show that, for practical purposes, the are may ” - 
assumed to be equal to the abscissa of its terminus. W here shop _ 7 ; 
: wo work is required, the longer arcs ought to be rectified. aA sal 

‘The foregoing refers only to the tables which have been calculated — - 
- steam railroad purposes. In the curves for street railways, as will = \< 
_ be seen from the tables, the ares have been rectified. £4 = 
_ The writer has frequently had occasion to run in transition curves a 
on street railroads, and then used the figures: in Table No. The 
convenience of this table is ; self- evident, and its use presents n no ‘diffi 
culties i in the shop, as the same templet can be used for all approaches, 
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TABLE No. 3. -Mr.Sundstrom, 


al 


oo 


= 


° 


106 
10,206 
10,307 


oo 


A 


= 


oz 


an 


° 


- 


= 


or 


18.150 
43.270 


0. 
0. 
0. 
0 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0.58 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


al 


| 
4 81” | 11.173 
20” | 11.282 | | 11.287 
10 14” | 11.390 |_ 11,396 
10" | 11.499 | 11.505 
= 11 49 19" | 7 
+ ay 11.944 
11 
12 716 
6° 45° 30" | 12.81 
O° 52°07" =| 12.9% 
6° 58° 47” 18.08 
(12.6 7°12 15” | 18.2 
7° 25°56" | 18.47 3.492 
18.9 82°51" | 18.5% 5.604 
> 7° 39°49" | 13.66 
13.2 58°54” | 18.91 5.038 
— 13.8 8° 01' 00" 14.05 1.050 
0.653 | 18.528 15° 93" 14.2 a 
0.668 | 18.629 | 46.077 | | 14.3% 723 | 14.386 
13.8 0.697 | 13.881 | 45.404 | 8° 8719" | 14.58 755 | 14.611 
(13.9 | 0.713 | 18.982 | 45.075 | 8° 44 44” 773 | 14.723 
0.728 | 14,088 | 44.751 | 11" | 14.8% 790 | 14.885 
‘14.1 | 0.744 14.134 | 44,431 8° 59 41" | 14.9 808 | 14.948 
| «(0.776 | 14.387 | 48/802 | | 15.1: 15.178 
«= 
~ 


No. 


16. 366 

16.478 

10° 57 57” 
11° 06’ 12” 

11° 14° 30” 
11° 22 51” 
11° 15" 
11° 39° 40" 
11° 48° 12” 
11° 56° 40" 
12° 05° 13" 
‘12° 13° 50” 
12° 22° 31” 

81’ 10” 
12° 39 54” 
12° 48° 41” 
12° 57 30” 
138° 06° 21” 
18° 15 15” 
18° 24° 12” 
18° 33° 11” 
42° 12" 
51° 16” 


222 


00° 22" 
14° 09 30” 
18 41” 


2288323 


14° 27" 54" 
14° 87 10” 
46° 27 
14° 55 48" 
15° 05° 10 
15° 14° 34” 
24 01” 
15° 88° 10” 
15° 43° 01" 


mt 
ERE 


37. 

36. 

36 

36. 

36. 

35 

33 

88 
>) 

33 


_ _Example.—Suppose it is required to place a curve of 39 ft. radius, with transition — 
4 between two tangents, making an angle of 41° 10°. The nearest radius to 39, in 
“4 le No. 3, is 39.09, which in this case must be used. The table giveseverything butthe 
tangent. This is by the following formula: (R +8) tan. Rsin.a; 


being equal to ‘Then we have T = (39.041: 7) tan. 20° 35° + 16.0 — 89.09 sin. 


«11° 81" 15" = 14. 16.000 — 7.807 = 22.975. of Table No. 3 it will be 
found that the radius of curvature gradually decreases; thus it is, at the distance of 5 ft. 
_ from the point of curve, = 125.597; at the distance of 10 ft. = 62.761. ete. When J =2 % 
the curve will be composed of the two approaches only. If the radius selected produces — 
an angle, a, so large that 2a > J, a larger radius must be selected, so as to get a corre- = 
spondingly smaller angle a, or so that 22 becomes smallerthanorequaltol | 


| 


: 14.5 14.641 | 42, 9° 45’ 44” 15, 15.739 
| 743 | 42. 3°34” | 15.695) 15.853 
14.74 9° 53’ 34” 15.807 15966 
14.7 4 0.860 | 14.844 10° 01" 27" | 918) 
0.878 14.06 10° 69’ 23" 462080 
0,896 ered 41, 10° 17" 22" 16.14 16.307 
- 15.2 | 0.982 5352 | 40. 0 | 16585 
5.4 . 40. 4 16.764 
| 20: 7 | 
& 156 1,008 39. 16 998 
| | 15: 750 30. 
| 15.8 1,047 15.963 | 89. 
i 16.4 192 | 16.576 37. 0 | 
| 17.800 2 | 
14 11680 18.636 20097 20.371 
q 4 
— 
— 
— 
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DISCUSSION 


(by letter).- —When a Mr. ‘Went- 
worth. 


ear leaves a tangent and pa a curve there are two distinct motions ee 


i imparted to it: First, one of translation about the center of the curve; 

second, one of rotation about its own center. 

For the first of these motions, and they may be considered sepa- 

rately, a circular curve is as good as any other. In fact, any curve is, 

at a given point, , circular, with its corresponding radius | of curv ature. 

All that is necessary to be done, then, in treating this motion, is to 
elevate the outer rail so that the resultant of the centrifugal force and — 
gravity may be as near as cones toa perpendicular to the plane of - > 

1.0 
To find the theoretical elevati on in inches for a track k of sath 
Mion 


“gauge, the formula E be used, in v is the speed i in 


miles per hour and D the degree of curvature. This is merely a — 


i reduction from the usual formulas which are Salaam 
units, and is put in form for use on the slide rule. ot 7 * ee 
The second of the two motions before mentioned is that which 
- causes the jar on entering or leaving an accurately laid out circular r 
curve. This motion is precisely the same as if the car were mounted ss 
on a frictionless turn-table and a force applied to turn it. Applying 4 
sg sucha force, § sufficient to: start the table from a state of rest to, say, an ; 
angular motion of 1° in 1 second, the same force would turn the car — 
through a total angle of 4° in 2 seconds. - This is what should be — 
accomplished by a transition curve. The condition, then, of such a 
— curve is that its tangential angle at any point shall be proportional ‘acl 
the square of the length of the curve, from the point of beginning, or 7 


_'The reason why the putting in of transition curves is left to the — 

track foreman, who invariably does it, , rather than to the « - engineer a 
location, appears to be that such curves have been 

= loaded with too much mathematics for a busy man. They can be 
__-—- Tun in on the ground from either end without the use of any — 


For instance, it may be desired to use a transition curve 
‘the deflection for the first station of 100 ft. will be 25’ from the tan- 
gentatthe P. C. The deflection for 2 stations, or 200 ft., will be four — 
times this, or 1° 40’; for 2} stations, or 250 ft. (24)? x 25', or 2° 36’. For | 
any distance, the square of that distance, in feet, multiplied byt 0. 0.0025, 
will be the deflection, in minutes, from the original tangent. rm 
_ After running the transition curve as far as desired, move the transit 
to the end of it, take a backsight on the P. C. and turn an additional 7 
angle equal to twice the deflection used i in n setting the stake at 


' 
ay 
| 
= a 4 
a 
Bea | | 
a 
q 
— 
at the end of the transition curve; the tangential angle at that 


“Mr. Went- or any point sides three times the deflection used in ovntiog such 
worth, 
point 
The defleztion the first 100 ft. assumed as 25’ degree 
a of curvature at Station 1 (100 ft. from the P. C.) will be 6 times 25’, or 
2° 30’. This is the basis of the degree of curv vature at : any point. At — 
200 ft. from the P. C., it is 5°, and at 300 ft., 7930’. At any point it is” 
times deflection for the first 100 ft. multiplied by of 


a 
2 


After running in the main curv e, the T. of the transition c curve 
can be set by using, as a deflection from tangent, twice the deflection | os 
_ which would be needed to set the point at the end of the main curve ‘ 
the P. 7. Then, after moving up tothe P. 7., the intervening 
stakes can be ‘set back of the transit. 

Of course, any deflection | may be assumed for the first 100 ft., 


instead of 25’, in order to make the maximum transition curve of 


figures obtained as deuntbel for a transition curve, the deflection for 
which for the first 100 ft. is 37.6". 

‘The 1 method of planning and locating transition curves given 
herein i is inexact only in the tangential angles when the curve is of 
considerable length. For instance, if 12° be the degree of the main 
_ curve and the t transition mn curve b be 200 ft. long (1° deflection for the first: 
ft.), there will be n no error. If 300 ft. long (40’ deflection for the 
at in first 100 ft.) the error is 2’. If 4(0 ft. long (30’ deflection for the first 
da) — 100 ft.) the error is 5'. Nevertheless, as the total angle is correctly 
carried through from tangent to tangent, ard as there small differ- — 

ences i in no way affect the track, the error, if it may be so called, is & E 
immaterial. The greatest error in each case is given above, which 
r. Boggs. J. I. Boass, Assoc. M. Am. ‘Soc. aE (by letter). - Transition 
ss @urves are undoubtedly of some advantage where the radius is less _ 


than 600 ft., but the writer heartily agrees with the ‘‘ practical” man, 


ya are a ' ‘needless refinement” where the radius of curvature 
exceeds that figure. _ The elevation of the outer rail is the determining» 
- factor in the easement, and it is a well-known fact that if this eleva- 
tion is properly adjusted for speed and gauge, and graded back on the 
tangent the length of the easement, no shock will be felt upon enter- 
ing the curve. ‘The great trouble is the p proper adjustment of the ele- = 
vation for the varying conditions of speed and grade found on rail- 
roads. To attempt, however, to educate section men up tothe niceties — 
of the cubic parabola appears tot the writer a hopeless : and equally use- 
lesstask. They practice of running ng the elevation back on the: tangent from 
full elevation at the point of curve to zero at the point of easement, or 
as near thereto as practicable, is much more simple, answers every pur- 
pose of th of the e spiral, and is and is readily ee by the av ee foreman. . 


— 
— [. 
— 
— 
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conves, 

ON TRANSITION 


‘bound by rules. or mathematical ‘The w riter 
two 2° curves to contend with, that had always given considerable 
- trouble. One was on a 66-ft. grade, the other was on a level at the — 
of two (53-ft. grades. rule of the road was 1 in. elevation for 


each degree of “curvature, or 2 ins. in these cases, while the formula, — 
gave 2,5; ins.; neither would a Finally, the curve on the 
was” elevated to 24 ins. and the elevation graded out 
on the tangent for 100° as near as practicable; the other was 
6 elevated 1% ins. and graded out on the tangent for 70 ft. . No further — 
trouble was experienced with either of them, and the writer has 
long since arrived at the conclusion that a study of the idiosyncra- _ 
s of each particular curve is of far more benefit than all the tab tables nai 


imted. 


The writer’s practice | in staking out transition curves has been ‘to 


' 7 “use a simple offset, measured in with the tape line, and determined 


the e equation, -. Henck’s Field Book* contains all the in- 


formation any engineer requires in staking « out a transition curve, and 

Mr. Sundstrom’s demonstration is but a reprint of these four pages. 

The writer thinks Mr. Snyder’s cost, $28. 27 pert mile, would be exces- 

sive if applied to railways. 

Extreme mathematical in actual practice only s serves to 


the ola pr ismoidal Ww in the field \ Ww vork, was 
to hold the rod w ithin two-tenths, and drive the stake within 6 ins. of 
the theoretical point. The writer digresses here simply to illustrate oe 
“needless refinement.” | He holds that the nearest square foot and an a 
age of the end-ar -areas w vould have been | sufficient, and, 
pen have resulted in a sav ing of $1 200 per annum on the pay-roll. _ 
The same thing applies, as a rule, to all this curvature discussion. — x 
Engineers are busy figuring, in the office, to the nearest one- -hundredth 
of an ine h on gl rades and alignments, wasting time and p paper,and 
absor bing the stockholders’ dividends in needless discussions; while on 2 - 
_ the track itself the inch which has been so laboriously ‘Seed out De 4 
cannot be found, let alone the bundredth part of it Curv ature 
is pretty much of a bugaboo, anyway. W ith good and. good 
-- rolling stock, the trav eling around curv ves is e easy; bad track and poor a 
gives rough traveling, even on tangents. 


* Edition of 1881, pp. 125 to 128, inclusive, 


™ 

r.Boggs. 
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= i. areas of cross-sections calculated to the nearest one-hundredth of a = 
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DISCUSSION ON CURVES. 
Mr. Alden. CHARLES A. Aupen, Assoc. M. Am. Soc. C. E. (by letter).— Transition 
yi , curves for street-railway track are now a almost universally use used in the 
United States. The cubic 
parabola, or its ariations, 
would answer as well for 
street railways as for 
railroads, as faras theoretical 
considerations of alignment 
are concerned. But the radii 
of curves for the former are 
generally smallandthetransi- 
tion short, requiring the rails 
to be curved toatemplate, an 
by machine. It is also neces-_ 
sary to make provision for the K 
use of tongue-switches, as it 
is impracticable to make a ~--*----- 
‘4 having aradius greaterthan |. Fic. 5. 


_ Given: A circular curve with symmetrical irals; 
about 100 ft although a cer- the tangent and external distances. 


R+a2—ver. sin. S° R; 


chanical disadvantages. 
somew ‘hat rare 
occasions n the spirals 
are involved in the frog work, 
the calculations of intersec- __ 
tions of cubic parabolas with 
; each other or with a circular 
eurve, would be quite com- 
_ plex, as compared with cir- 
cularcurves. 
‘The calculations, in the _ 
‘latter case, simply resolve 


themselves into the solution 


it is. necessary to have a 


series of transitions in order 
to suit the different radii —R ver. sin, 


=y—Rsin. 8"; 
met with i in n practice, and, 
OG 


| 
— 
q 
q 
; 
made of about 200 ft. EX Dist. = sin. 
— /~ sf - 
— 
1 
Pe 
4 
= 


out and preparing g templates for a new transition 
“eurve,foreacheurve built. 
= Figs. 5 5 and 6, and Table No. 4, which explain themselves, are those a 
used by the con company w with which the writer is connected. _ | During the 
past year about 400 curves were built to these standards. The ease- 
ments for 200-ft. radius switches are intended for, and generally used 
Yorequilateralswitch 
The other two principal | manufacturers of street- ‘railway ane 
have standard transitions of similar form. 


The writer estimates that from 70 to 80% of - street- railway = 
are now built according { to this general form of transition, = 


TABLE No. 


‘Spiral No.2 
2 2.618 30’ | 


Switch S. 2-75. 


‘his easement gives an O. 
G. equal to,and a G. S. 
346 ess ethan, Spiral No. 


‘Spiral No. 2h. 
0° 


5 


riteh Easement, s. 24- 100. 


This gives an O. 

16,986 12' Or 

19/430 15° 00 equal to, and a G. S. 
21.910 48° 3. 640 less than, Spiral No. 


riteh Easement, S. -200,. 
< 13.951 


2 
& 


Spiral No. 


” 


dimensions are the center line of the 
= 
= 


Sas 


ome 


4 


° 


° 


00" 


210 


21073 
8. 


1° 0 
8° 00 
6° 00 
10° 
15° 00 


10.468 
15.688 


0.06642 
| V.11705 


15° 00’ 
21° 


Easement, S. 3-200, 


13.951 je 
541 6 
23.724 10° 
28.835. 15° 


5. 131 | 
10.261 
15.384 4° 
20. 
25561 § 
80.567 14° 
35. 469 


Easement, 4-200, 


"Spiral No. 5. 


471 4° 
5.703 


40.926 
26.130 ad 
81.802 «| (10° 
86.874 | 


Switch Easem' 


16.458 
21.662 
26.834 

«81.906 


5.236 
10.472 
706 


20,096 
158 


HE: 


0.685 
1,255 


0. O76 
0.213 
0,457 


00" 


easement gives an O. 
G. equal to, and a G. 
* 3$1 less than, Spiral No. 


This easement gives an O, 
G. 0,250 greater, and a G. 
S. 2.853 than 


— No. 


0.01222 
0038664 
0.07324 
0.12187 
0.18224 
1082738 «(0.253768 
05794 (0.8% 


This easement gives an 0. 
0.178 greater, anda 
Ss. equal to, Spiral No. 4. 


00067 
00269 
“00745 
01675 


0.00084 0 02618 
0.00187 
0.00881 

0.00856 

0.01675 

0. 


0. 
0 = 
0. 18224 
0.24192 


pod ‘This easement gives 
30" 


G. equal to. and 
S. 4.468 less than, 
No. 5. 


— 


— 
— 
4 
295, 0.00881 | (0.08716 
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TABLE No. 4—(Concluded). 


Mr. Al 


e 
_ | This easement gives an O. 
a G. equal to, and a G. S. 


7.770 less than, Spiral 
—— 


ill 20° 


Spiral No.7. 
15° 
45’ 
30 


0.00001 
0.00009 

0.00084 
0.00095 


10 


38: 


= 


0.00000 


285 


> 
$35 


0.00080 
0.00058 


gta 


0.00436 
0.01309 
0.02618 
0.04362 
0.06540 
0.09150 
0.121 


— | DISCUSSION 401 
— = 
150 | 200 | 1.385 23.595 4 
io. ™ | 13 1.001 32.957 | 5°15 | 0.0045 
— 800 0° 10° | 5-408 10 0.00000 (0.00801 
630 | 0.112 | 16.498 1° 00 «0.00015 0101745 
0° 30° 0.364 =| 82.988 0.00047 | (0.08054 
1-750 | 0.0808 | 24 = 0.00002 0.00698 
18124 0° 16° 0.1066 4” 0.00007 (0.01164 
1050 0° 20° 0.1955 Y 0'01745 
> 7140) o 0.0007 6.231 0.00000 =| 0.00087 
— 3570 | «(0.0186 12.462 9 | 0.00000. 0.00262 ‘ 
Norg.—All dimensions are for the center line of the track. 
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DISCUSSION ON TRANSITION CURVE ES. 


a Honacs J. Hows, M. Am. Soe. C. E. (by letter).—It is somewhat 
a appalling to the busy engineer to take up each new article on the — 
- transition curve, unless he has time to go into the mathematics pase 
see that the principles are few compared to the applications. The 
_ author has given an illustration of this by taking the well-known cubic 
Sorin and ¢ deri 7s formulas which he has found useful in his 
_ The writer’s experience hes been mostly on steam railroads, and, 
looking back at the conditions under which he labored, and under m7 
which he believes the majority now labors, it seems proper to restate _ nS 
the well- -known but scattered conclusions which govern the practical 
staking: out of a transition curve; to the end that all -theorizers may 4 
The cost of staking out should be reduced toa minimum, and, 
consequently, the simplest possible curve should be used. 
The writer’s first attempt was a series of chords or arcs beginning 
- with a 1° curve and working up to the degree desired. _ Many bright | 
engineers to-day postpone the evil day, by reserving this right t to 
4 themselves. The time consumed, however, is prohibitory. = 
_ _ About this time, Sear les published his tables, and used successive 
5 chords, with radii constantly diminishing for eac hi chord. ‘The -objec- 
_ tion is the disjointed character of the curve, and the labor of calcula- 
tion. The treatment is too general for the special work referred to. — 
ns came the hyperbolic or Holbook < spiral, which aid specialize, 
_ with tables for only two or three cases. it had several advantages: 
7 besides. The deflections \ vary about as the si square of the distance. The 
_ backsight from the point of circular curve is double the foresight. 
is one-fourth of (nearly), 
is one-half (pearly), 
_ Bearing these properties in mind, it is quite outiie: to do w ithout a 
~ tables i in the field. Can the cubic parabola do better than this? om a 
So far as riding qualities are concerned, one easement curve is as 
_ good as another. References are made to the ‘‘ true” transition curve _ 
and to the * theoretical ” transition curve; but the running of a pair of 
around a 4 ated track i is too complicated an operation 


Transition curves, then, should | be of ‘the ne simplest They should 


be designe 


expense accounts; | and, ¢ on » that other principle, that the mental per- ; 
_ formance of any man when subject to conditions of weather is inferior 
7 to that of the same man indoors; finally, that trackmen do not throw a 


very often (not sO > often, as the stakes it tout), 


> > 

— 

— 

~ 

— 

— 
— 
— 
— 

— 

1 
— 
— 7 -antervals, on the subject of transition curves. 


— 


er 


4 


‘isc USSION 0 


= equation of the center line, g 


6c 


"Referring to Fig. 7, 7, they may be as ‘ 
by 


‘By the a same course of reasoning as follow - on page. 380: 4 


(2 2) = 


Q 


from the the equation of of the cubic 


substituting ( (4) in (3), 


7 
at D. E. (by letter).—To the engineer who Mr. Lee. 
has occasion to solve track problems in transitions, the following 
= | ‘equations for the inside and outside rails of a curved track, the center _ s 
line of which is a cubic parabola, may prove both useful and inter- 
Let 2 the cauge of 
Side rails 
initial tangents through their own points of transition curv 
In the triangle shown in Fig. 7, 


‘The deflection angles, Souk B,, are obtained by dividing through 


bya x, which gives 


160" 
The total angle, « A, is found by 


a It will be. observed that thon formulas are approximations, but, as 


locations from them will not vary from theoretical 
J 


values more than ,'y in. in extreme cases, their practical utility is 

ie unimpaired ; moreov er, the gauge of the track is still exact. ‘ee e 
_ In conclusion, the writer would make the followi ing - suggestions as 
to the selection and use of transition curves. Where there are no — 


4 turnouts or crossings, and it is desired to stake out the curve witha — 
transit, recommend t the of the 


y be multiples we. some 

an convenient number as 5, 10 or 25 ft.; and, as the transitman is usually 

more intelligent and experienced thes the chainman, the formermay _ 

ber more re readily trusted t to ) deflect fractional angles than the latter Jie ; 


4 For turnouts and crossings y = Th is | more convenient, and in 
_ switches the equation of the center line will do for both inside and 
outside rails. Indeed, ina simple turnout, it will also serve to give 
- the frog lead within 3 to 6 ins. of the correct position, 1, which is close 
enough for practical purposes. . However, where a complicated track 
_ system exists, or it is desired to compute a set of crossing frogs, the 
for the inside and outside rails already many be used 
to supplement the equation for the center line. 
oe writer cannot resist the temptation to aga from the ia! 
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DISCUSSION oN TRANSITION cU 
a prectionl: utility of the slide rule in engineering computations. Mr. Lee. 
The writer has used one constantly for the past six years and has 
found new uses for it daily, and new beauties in its use. At first ‘it. 
did not seem to be adapted to the class of work in which he» was 
ene, but a study of both its limits and possibilities has enabled | 
him to use it in the majority of his computations. It relieves — 
entirely the mental drudgery of many complicated problems, as the | 
expert performs the several operations mechanically. The 
Se has passed through the Mannheim” and “Duplex” to the 
™ “Universal,” and he would not set a price upon his instrnment if it 
‘could notbeduplicated, 
This last opportunity is taken to enter a solemn protest against the — 
use of multiple compound curves as transitions. During the summer 
r of 1900 the writer was required to. design the track work for the Boston © 
- Elevated Railroad, on which no less than thirteen different tables of aa 
- multiple compound curves were in use. _ The memory of those com- 
_ putations is a hideous nightmare. One crossing alone required 1170 
- sq. ins. of figures before the gauge lines could be laid down ou paper. 
to Mr. Wentworth’s discussion, too much mathematics 


‘well his be able to unearth 
“precious scientific truth. _ Popularly considered an exact science, _ 
mathematics has little more claim to such distinction than sana: ae 
other physical sciences, and, as all the works of man areincomplete, so 
mathematics shares the faults and. imperfections « of, human nature. tr 
The writer also agrees 8 with Mr. Boggs, that ‘extreme » mathematical 
 nicety in actual practice only serves to multiply useless labor,’ "but 
what is permissible variation in field work would be gross errorinthe -_ 
shop. Each engineer must study the conditions of his own work, and A 
make his computations accordingly. It appears that the engineers 
‘engaged i in this discussion have done so, as each one’s idea c of accuracy 
‘seems to conform to his specialty. eo 
_ The writer will leave to those who have the opportunity to observe aa 
actual conditions, the question of the necessity of transition curves, 
but, if railroad engineers insist upon their use, let them co 
shop m men with ped and most practical alignment. 


tice, among railroad a little study might simplify 

it. “ee instance, ona scale of 40 ft. to the inch it is easy to take a 

curved ruler and draw a crossing, introducing a set of slip sw itches, ; 


but it is quite another matter to compute, detail, and manufacture this 5 


= 


work, The cost of drawings and labor in the shop is doubled, and the 
maintenance of the track ‘is increased considerably | by reason of = — 


@ 
4 
at q 
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ON TRANSITION CURVES. 

— Lee. curves. A slight change of alignment on either side of such a NE 5 = 
might allow it to be st raight, and thus obviate these difficulties. — os 

_ The writer is glad to know, from Mr. Alden’s discussion, that a: 2 

use of transition curves in frog work is rare, but cannot agree with _ 

him, that “‘the calculation of intersections of cubic parabolas = 


each other or with acircular curve, would be quite complex as com- 


7 ‘ao he makes the statement ‘that the computation of frog work in 
- transitions made up of circular curves is very complex, and believes — a 
that i in the paper he has partially demonstated the fact that cubic para~- 


are ‘much Should cubic parabola, intersect a circle, 


the. equat ion of the latter might be taken as y = aR. except for large 


values of z, when it might necessary to use the exact equation 
- Mr. Sundstrom’ s formula for rectifying the cubic parabola is the | 
same as the w writer’ 8, - has been deduced in a more orthodox — 


series, the first of which i is 


a Second order of 


Fourth order of differences ...... 


_ It is only necessary to compute the first term of the series. “ 
_ the first term of the first order of ‘differences is seven times the first — 
é term of the se -ries; the first term of the second order of differences is 
twelve times the first term of the series; and all the third differences 
= six times the first term of the series. This completes the first 
_ inelined column, from which, by addition, as many offsets may be — 
- obtained as are required. = writer* uses similar methods for marking | 


templets of circular curv es, , calling the equation oft a a circle 
* Engineering News, April 29th, 1897. ~ 
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t which the following 
— isanexample: 
— 
ie 


